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Abstract 
The domestic evacuated tube solar collector (ETC) can easily achieve during its operation 
relatively high water temperature levels approaching 100 oC. Operating the collector at such 
high temperatures induce considerable losses in form of latent heat working to evaporate the 
water into steam and excessive heat losses due to the wide difference to the ambient 
temperature. This paper presents an analysis based on field measurments taken over a 
prolonged field test aiming to identify the impact of water-discharge temperature on the 
performance of the subject ETC. Ways of improving collector efficiency and energy yield by 
adjusting the water-discharge temperature are discussed. During the assessment the water 
temperature has been set at different levels from 25 to 98 oC before being discharged to the 
user.  
 
1 INTRODUCTION  
This paper presents an expansion of a previous publication of Abdalla et al (2001) presenting the 
current assessment of the technical performance of an evacuated tube solar collector (ETC). Test 
results of daily energy gain and operation efficiency and a prediction of the year energy production at a 
Christchurch location have been presented. In further publications Abdalla et al (2001) and (2002) have 
presented the economics and payback time of an ETC unit of that art combined with a separate grid 
connected photovoltaic system supplying electricity and hot water to an average household at 
Christchurch and at different locations across New Zealand.  Evacuated tube collectors work on the 
principle of using vacuum as an excellent insulating barrier, preventing heat loss primarily due to 
convection and conduction. Combining this feature with selective surfaces results in a high efficiency 
collector. The tested ETC prototype incorporates low-cost technology applicable for remote areas 
region in Asia where it is used as standard low-pressure hot water heaters. The tank is filled and then 
emptied when water is warmed up through a single plumbing connection to the bottom of the tank. In 
these systems the evacuated glass tube is inserted directly into a low pressure water thank. The tubes 
are arranged in banks to make “modular” collectors. In a recent publication Morrison et al (2001) have 
investigated these collectors for operation as a solar preheater for a range of locations. Daily test results 
showing useful energy gain vs. irradiation and the annual performance for different locations in 
Australia, China and Europe using a correlation model have been presented. They concluded ETC have 
been shown to operate effectively in a range of climate conditions. An ETC can easily achieve during 
its operation relatively high water temperature levels approaching 100 oC. Operating the collector at 
such high temperatures induce considerable losses in form of latent heat working to evaporate the water 
into steam and excessive heat losses due to the wide difference to the ambient temperature. This paper 
presents an analysis based on field measurments taken over a prolonged field test aiming to identify the 
impact of water-discharge temperature on the performance of the subject ETC. Ways of improving 
collector efficiency and energy yield by adjusting the water-discharge temperature are discussed. 
During the assessment the water temperature has been set at different levels from 25 to 98 oC before 
being discharged to the user.  
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2 COLLECTOR DESCRIPTION 
The system considered for assessment consists of 16 units of 120-cm-long evacuated glass-tube 
providing the heated water to a 120-litre horizontal storage tank as shown in Figure 1.  Each solar-
heating element is composed of two coaxial glass tubes the outer of 47 mm diameter and the inner of 
33 mm separated by vacuum and containing 1.026-litre water.  The inner tube contains the water to be 
solar heated and its exterior is coated with a suitably dark absorbing material for collecting the incident 
solar radiation and transmitting it to water.  The cylinder is fitted with a pipe at its bottom used as a 
combined inlet for cold water and outlet for hot water as well.  Two one-way valves direct the water for 
either allowing cold water to enter or hot water to leave the tank as required.  This opening is 
additionally fitted with a level-setting floating valve to limit the amount of water in the cylinder to 75.5 
litres and the maximum draw off to 71 litres. The total water volume heated by the solar radiation in 
the system consists of the water contained in the tank and the total amount of water in the heating 
glass-tubes = 75.5 + 16*1.026 = 92 litre. The total heating aperture area of the collector comprising the 
16 glass vacuum tubes is 121x113 cm2 = 13673 cm2. A reflector of polished steel with a surface area of 
121x99 cm2 is placed underneath the vacuum glass tubes separated 2 cm from the tubes lowest line. 
The reflector surface is shaped to form parallel line parabolas between tubes to work for reflecting 
solar radiation to the back and sides of each tube. The steel frame supporting the 16 vacuum glass tubes 
is 128-cm long and 128-cm wide tilted to the ground by an angle equals the site latitude (43.5 degree 
for Christchurch) and oriented towards North (for Southern Hemisphere). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The evacuated-tube thermal solar collector. 
 
 
 
 
Figure 1. The evacuated-tube solar collector. 
 
3 TASK DESCRIPTION 
From previous test results it has been shown that the ETC is demonstrating wide difference in 
operating efficiencies due to various conditions such as solar irradiation at site of operation and water 
temperature. As the heated water in the storage tank can be discharged practically under any 
temperature it become necessary to explore the most suitable temperature water shall be discharged at 
in order to fulfil maximized collector efficiency.  The main task of this investigation is to use the test 
data for identifying the suitable water-discharge temperature, which most likely fulfil an increased 
energy gain and efficiency of the collector.  
 
3 TEST RESULTS 
The test results are summarised in figures 2 through 6.  Figure 2 shows samples of daily operational 
data over the test periods including solar irradance, water and ambient temperature. Heated water has 
been discharged in different test series at different temperatures. Figure 3 shows collector average 
efficiency against  average solar irradiance during heating process. The collector is demonstrating a 
reasonably increased efficiency approaching 0.6 at elevated irradiance and well acceptable efficiency 
of  0.4 - 0.5 at lower irradiance, a result which makes the ETC comparative to other high quality solar 
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collectors on the market. Figure 4 shows the average efficiency for the ETC vs. standardized DT/G 
(DT= temperature difference inlet Temperature Ti – Ambient Temperature Ta and G the solar 
irradiance (W/m2) ) demonstrating a favourable comparison with standard efficiency curves as in Solar 
Water Heating Systems Resource Book (2000). Figure 5 and 6 show the impact of the water discharge 
temperature on the efficiency and the energy yield of the ETC respectively. The influence of the water 
discharge temperature will be discussed in the following section. 
 
4 DISCUSSION 
4.1 Constant efficiency by adjusting the water-discharge temperature 
The undertaken tests demonstrate the impact of the water-discharge (WD) temperature (and the 
availability of the solar radiation on the performance of  the ETC as shown in Figure 5 and 6. At a 
strong solar irradiation of e.g. 6-8 kWh/m2day a high WD temperature of 80 oC induces an operating 
efficiency of 0.5. Assuming that the same acceptable efficiency shall be kept at lower solar irradiation 
of 4-6 kWh/m2day the WD temperature shall be reduced to 68 oC.  At considerably low irradiation i.e. 
2-4 kWh/m2day the ETC is still able to operate at the very same efficiency 0.5 if the WD temperature 
was further lowered to 58 oC, see Figure 5. In terms of the energy gained the ETC will deliver at the 
strong irradiation 3 kWh/m2 per day at at 80 oC, 2 kWh/m2  at 68 oC at lower irradiation and 1.3 
kWh/m2 at 58 oC at very low radiation as shown in Figure 6. And as stated above all three energy 
delivery occurring at 50% efficiency in spite of the considerable change in solar irradiation.  
 
4.2 Bolstering energy delivery by adjusting the WD temperature 
By the appropriate adjustment of the WD temperature a better performance of the ETC can be 
obtained.  Considering a case of a high solar irradiation 6-8 kWh/m2day a reduction of the WD 
temperature from 96 oC to 30 oC prompts the ETC  to produce 3.85 kWh/m2 per day in form of heated 
water rather than merely 2.6 kWh/m2 and this at the same solar irradiation as shown in  Figure 5. The 
efficiency is hereby improved from 43% to 62.5%.  
 
In an other application the energy gained by the ETC at a high irradiation can be still gained in the 
same amount at lower irradiation if the WS temperature is accordingly lowered. In order to explain that 
consider a case where a moderate radiation of 4-6 kWh/m2day is achieving an energy gain of  1.75 
kWh/m2 per day at 84 oC. The ETC at a considerably low irradiation of 2-4 kWh/m2day will be still 
able to produce the same amount of thermal energy if the WD temperature is being lowered to 30 oC.  
This verifies the concept that at lowered solar irradiation the ETC might be able to produce the same 
amount of energy if the WD temperature is correspondingly lowered.   
 
In another case where a WD temperature is set to be e.g. 70 oC throughout the year it will deliver 3.2 
kWh/m2 per day in summer, 2. in autumn/spring and 1. in winter. If a temperature adjustment is being 
made to be 40 oC in autumn/spring it will result in an increase in the energy gain to deliver 2.5 kWh/m2 
per day and 1.7 in winter for a further reduction to 30 oC. 
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Figure 2. Operation of the evacuated tube solar collector at different water-discharge temperatures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
irradiation / day. 
 
 
 
 
 
 
Figure 3. Average collector efficiency vs. average solar irradiance during heating process (W/m2). 
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solar irradiation /day. 
 
 
 
 
 
 
 
 
 
Figure 4. Collector efficiency  vs. standardized DT/G. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Day-collector-efficiency vs. water-discharge  temperature at different ranges of total solar 
irradiation. 
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Figure 6. Energy gain per unit collector area / day vs. water-discharge  temperature at different solar 
irradiation. 
5 CONCLUSION 
In a real-life application, it is advisable to have the water discharge temperature of an ETC 
automatically adjusted to match the solar irradiation available. It is to allow higher temperature in solar 
intensive months and reduce it at times of lower irradiation. This allows a higher energy gain and 
improved collector operating efficiency. 
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